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from the Division of Bacteriology, Microbiological Laboratory, Coimbatore, India, using Type-it HRM TM PCR kit (Qiagen, Hilden, Germany) in triplicates in Rotor-Gene Q Thermal Cycler. [3] The test was done according to the manufacturer's instructions. The primers used were SP LytA F373 (ACGCAATCTAGCAGATGAAGCA) and SP LytA R424 (TCGTGCGTTTTAATTCCAGCT) [4] and were obtained from Integrated DNA Technologies, Singapore. The programme for HRMA was followed as set in the software while the Ct values, endpoint fluorescence level and melting profile were assessed by HRMA software. The amplicon obtained from the ATCC SP strain was sent to Eurofins genomic Pvt Ltd, Bangalore, for sequencing to confirm the sequence of the primers. All sequencing reports were analysed through Gene Bank.
Melt or dissociation curve was generated after the completion of PCR by raising temperature from 65°C to 99°C with 0.1°C incremental order for 2 s each ramp rate in Rotor-Gene Q5plex real-time PCR machine with HRM capability. The normalised raw data by selecting linear regions before and after the melting transition and the derivative plot were generated by inbuilt HRMA software in the same Rotor-Gene Q5plex HRMA machine. To optimise the HRMA profile, the derived melt curve was assessed to check the purity of the product and primer dimer formation. [5] The annealing temperature expected amplicon size and the predicted melt temperature (Tm) of the amplicon were calculated through Bioinformatics Tools of NEB Tm Calculator (version 1.9.4; New England Biolabs Inc.[https://www. neb.com/]), primer Basic Local Alignment Search Tool (BLAST) database (www.ncbi.nlm.nih.gov/tools/primer-blast/) and a free online Oligo Calc (version 2; Northwestern University, Chicago, IL [www.simgene.com]).
The specificity of the primers was determined in wet laboratory experiments against the bacterial, viral, fungal and protozoal pathogens listed in [ Table 1 ]. For this, DNA extracted from diverse bacterial strains, cell culture positive for viral DNA or clinical samples positive for protozoal pathogens were subjected to HRMA as described earlier. Specificity was also tested by doing HRMA on DNA extracted from unspiked clinical samples including cerebrospinal fluid (CSF) (n = 21), blood/ plasma (8), tissue (2) and Broncho-alveolar lavage fluid (2) that were negative for SP DNA.
The sensitivity of the primers was determined in a spiked sample by calculating lower limit of detection threshold (LLT). For this, CSF samples (n = 21) negative for SP DNA were pooled and used as a single sample. From a known concentration of ATCC SP strain DNA (2.53 × 10 5 copies/ μl using Qubit fluorometer), a series of 10-fold dilutions starting from 10 −1 (25,300 copies/μl) through 10 −7 (0 copies/ μl) were made in Tris-EDTA buffer. From each dilution, 1 μl was taken and spiked into 200 μl of pooled CSF sample and subjected to extraction using Bioneer Accuprep genomic DNA extraction kit followed by amplification in Rotor-Gene Q. The last dilution giving amplification was taken as the endpoint. The LLT values were confirmed by repeating the testing of these dilutions in triplicates. Institutional ethical clearance was obtained for the use of above clinical samples as a part of the larger HRMA study.
rEsults
The dry laboratory data showed that the annealing temperature, expected amplicon length and the predicted Tm of SP LytA primer were 53°C, 75 bps and 75°C, respectively. Wet laboratory experiments showed that the amplification of SP DNA started at the 17 th Ct cycle and its average Tm value based on three repeat testing was 77.3°C with a range of 77°C-78°C (data not given). Table 2 ]. In contrast, Tm values for dilutions 10 −5 and 10 −6 were >80°C at Ct cycles of >30. Thus, the presence of an amplicon with a higher Tm value and Ct cycle confirmed the existence of a second amplicon.
To confirm that the amplification was non-specific, HRMA was carried out with unspiked human clinical specimens that The non-specific amplification was further confirmed by doing HRMA on three CSF samples reported positive for high, medium and low concentrations of SP DNA by a commercial kit (Fast Track Diagnostic Kit, IVD, Luxemburg, Germany). [6] The results showed that Ct values for the three samples were 10.30, 22.77 and 27.17, respectively, and Tm values were 78.55°C, 78.70°C and 78.90°C respectively [ Figure 2 ]. There was only a single steep amplification curve in the high-and medium-positive samples, indicating relatively high concentrations of SP DNA, while two poorly formed curves were seen in the low-positive sample. The low-positive sample showed a peak starting at Ct cycle 27.17 with Tm values of 78.9°C and 83.30°C for SP and human DNA, respectively.
The original SP ATCC strain DNA amplicon could not be sequenced due to its small size (75 bp). Since the experiments with spiked samples showed two peaks, it was decided to sequence this amplicon. Presequencing gel had shown dispersed bands of different intensity revealing poor quality of the amplicon or some kind of cross-reaction (data not shown). The sequenced data were subjected to BLAST analysis which showed that the amplicon contained sequences of human chromosome 20 [ Figure 3a and b], confirming similarity of certain sequences of human chromosome 20 to SP LytA primer. The sequence was found to be associated with Homo sapiens protein tyrosine phosphatase, receptor type T (PTPRT) gene on chromosome 20.
dIscussIon
The classical real-time PCR used for the laboratory diagnosis of infectious disease is costly for resource-crunch situations because it involves the use of a probe in the assay system. In recent times, this technique is being replaced by HRMA which is much cheaper, yet as rapid and sensitive as the classical PCR test. [7] [8] [9] Our article here describes a non-specific amplification of a human gene sequence by the CDC described SP LytA primer used for the detection of SP DNA in real-time PCR. This observation was confirmed with human samples without SP DNA and by sequencing the amplicon. The BLAST analysis showed that the cross-reaction was due to human chromosome 20 which is associated with H. sapiens protein tyrosine phosphatase, receptor type T (PTPRT) gene. Our results demonstrate the need to check for such non-specific amplifications when microbial primers are used for HRMA.
The initial suspicion of the non-specific amplification arose when the spiking experiments were conducted to determine the analytical specificity of the SP LytA primers. Amplification of the ATCC strain of SP showed two peaks, one before and another one after the 30 th Ct cycle. In experiments set up with 10-fold dilutions in triplicates, dilutions up to 10 -4 (up to 28.7 Ct cycle) gave a Tm value of 76.7°C, while dilutions from 10 −5 (Ct cycles of 31-33) onward gave a Tm value of 81°C. Thus, two amplification peaks were observed with different Tm values at different Ct cycles. Subsequently, an unspiked experiment was done with five different types of clinical specimens that were negative for SP using the SP LytA primers. All clinical specimens tested gave amplification curves at Ct cycle of 31 and with Tm value of 82°C. These results confirmed the earlier results with the spiked samples, thereby establishing a cross-reactivity between SP LytA primer and an unidentified material of human origin. The amplified product was sent for sequencing, and the data obtained were analysed through BLAST analysis. The results showed that the cross-reactivity was due to a gene in human chromosome 20 that was identified as H. sapiens protein tyrosine phosphatase R type T. It is important to remember that the primer sequence was taken from a CDC protocol and in the natural course of events one would not have thought of such a cross-reaction. However, development of two amplification peaks with different Tm values made us suspect that there may be some problems with the primer sequences. This was found to be a non-specific amplification with a genetic locus of human chromosome number 20.
To confirm the nature of cross-reaction, HRMA was done on three CSF samples that yielded high, medium and low SP DNA load with a commercial kit [ Figure 3 ]. HRMA done on these samples also gave high-, medium-and low-amplification curves; however, in the melt plot, the low-positive sample gave two peaks indicating that cross-reaction was observed only when the SP DNA load is relatively low. A possible explanation is that when SP DNA load is high, much of the master mix is used up for SP DNA amplification so that very little is left for the amplification of the cross-reacting human DNA. On the other hand, when the SP DNA load is low, little master mix is used up so that much of it is available for the amplification of human DNA during the later Ct cycles. In the clinical setting, such cross-reactions of the primers may not happen because of the presence of high DNA load in CSF samples of patients with acute pyogenic meningitis. However, DNA concentrations in clinical samples can vary, and therefore it is important to check for any possible primer cross-reactivity while standardising the PCR-HRMA protocol.
To the best of our knowledge, this is the first report of a non-specific amplification of a CDC developed primer, the SP LytA and a human genome. In an earlier report, Faria et al. [10] while standardising a profiling strategy to identify polymicrobial bacterial DNA in whole blood by 16S rRNA had alluded to sequences that amplified with human DNA as well. They also had referred to the low ratio of bacterial to host DNA as a major factor for such a cross-reaction. The problem was solved by deleting the cross-reacting sequences from the taxonomic profile. Such non-specific amplification of human DNA with universal 16S rRNA is well documented. [11] [12] [13] [14] [15] [16] Unlike the above studies, our study observed amplification of human genome with a specific primer used for the molecular detection of SP in CSF samples and not a broad range primer as the universal 16S rRNA. Clinical samples negative for SP may still contain pus cells and can give a false-positive result because it contains human genetic material. This is confirmed by our experiments with unspiked clinical samples that were negative for SP, yet gave amplification at a higher Ct cycle and higher Tm value. Our strategy to overcome the non-specific amplification was to stop the testing at the 30 th Ct cycle in the HRMA system; beyond the 30 th cycle, true amplification will not occur while any amplification beyond the 30 th cycle will indicate a non-specific reaction. Our finding on the non-specific amplification may explain the high incidence of false-positive reactions being reported with S. pneumoniae in certain automated molecular diagnostic panels that may not use specific probes. [17] [18] [19] Such non-specific amplification will not occur in the classical real-time PCR system because the latter makes use of specific probes. We conclude that one must exclude non-specific amplifications while selecting primers for in-house standardisation of HRMA so that false-positive reactions do not interfere with the target identification in clinical samples.
conclusIon
Since HRMA is done without a specific probe, one should be aware of non specific amplifications while using primers for HRMA of human clinical samples. Appropriate corrective measures need to be taken before standardizing HRMA using such primers.
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